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Introduction

1. With increasing recognition of the importance of upgrading and maximizing the data
available for analyses of the climate record (e.g. Trenberth et al. 2002), efforts have
intensified to digitize additional historical ship data (and metadata) that exist in many
national logbook collections (Diaz and Woodruff 1999, Woodruff et al. 2004). Ongoing
efforts are focused on data during major gaps in the existing record, such as the two
world wars, and adding 19th century and earlier data (e.g. Elms et al. 1993, Manabe
1999, Garcia-Herrera et al. 2005, Woodruff et al. 2005, Brohan et al. 2009, Wilkinson et
al. 2010).

2. At present, however, there is no effective, internationally agreed format for exchange
of keyed historical data. The format needs flexibility to preserve crucial original data
elements and metadata. This will help facilitate analyses of data biases and
discontinuities arising from changes in instrumentation and observing practices.
Moreover, the format should be expandable, to meet new requirements that are not
presently anticipated, but also simple enough that it is practical to implement by Member
countries.



3. This document describes an International Maritime Meteorological Archive (IMMA)
format meeting these requirements, which is proposed for wider adoption by JCOMM. In
addition to the exchange of newly digitized data, the format should also be useful for
reformatting and more effective exchange (and archival) of existing national digital
archives, including contemporary marine data. The format is already in use for the
International Comprehensive Ocean-Atmosphere Data Set (ICOADS) (Woodruff et al.
2010), and for the Climatological Database for the World’s Ocean (CLIWOC) project
(Garcia-Herrera et al. 2005). The format is also helping meet requirements for managing
data from the JCOMM Voluntary Observing Ship (VOS) Scheme, including from its
enhanced class of VOS Climate (VOSCIlim) ships.

4. Following its introduction to the Subgroup on Marine Climatology (JCOMM 2000), the
JCOMM-I (WMO 2001) Data Management plan tasked the Expert Team on Marine
Climatology (ETMC) to finalize the format, with a view to eventual submission to the
Commission for formal adoption (JCOMM 2004a). The Second JCOMM Workshop on
Advances in Marine Climatology (CLIMAR-II) (Parker et al. 2004), and the First and
Second Workshops on Advances in the Use of Historical Marine Climate Data
(MARCDAT) (Diaz et al. 2002, Kent et al. 2007b) have recommended continued usage
and expansion of the format, and it has remained under review by ETMC (JCOMM 2007,
Woodruff 2007, JCOMM 2010).

5. The Background section of this document (together with Supps. A-B) describes the
evolution of meteorological codes, and a variety of existing formats used for exchange
and archival of marine data. This material also discusses strengths and weaknesses in
these formats that helped define the requirements for the new IMMA format. The existing
Format Structure and technical options considered for Format Implementation are
discussed in the following sections. Finally, Supps. C-E document in detail the IMMA
format as presently implemented for ICOADS.

Background

6. International agreement to systematically record weather observations in ships’
logbooks was reached at the 1853 Maritime Conference held at Brussels (Maury 1854,
JCOMM 2004b), but large quantities of earlier ship logbook records (largely pre-
instrumental) are available extending back to about 1600 (Diaz and Woodruff 1999,
Garcia-Herrera et al. 2005). Around 1951, WMO took over from its predecessor
International Meteorological Organization (IMO) the VOS Scheme (WMO 1973),
including an early International Maritime Meteorological (IMM) punched card format
(Yoshida 2004, WMO 1952). The international exchange of digitized logbook data in
IMM formats was further formalized by WMO (1963) Resolution 35 (Cg-1V).

7. However, maritime nations had earlier programs to digitize historical ship logbook
data, and copies of many of the available digital collections of historical logbook data
were exchanged (e.g. on punched cards in national formats; Verploegh 1966) through
bilateral agreements (Woodruff et al. 2005). Many of these historical (plus real-time) data
sources have been compiled into global collections such as the Comprehensive Ocean-
Atmosphere Data Set (COADS) (Slutz et al. 1985, hereafter Release 1; Woodruff et al.
1987), thus making marine data, presently covering more than 300 years (Woodruff et
al. 2010), widely available to the climate research community (Worley et al. 2010). In



recognition of its broad multinational basis, COADS was renamed the International
COADS (ICOADS; Diaz et al. 2002, Parker et al. 2004).

8. By the 1920s ships started to transmit meteorological reports by wireless telegraph,
and the Global Telecommunication System (GTS) was completed near the end of 1972.
Telecommunicated data apparently were preserved (or survive) in digital form only
starting about 1966, but since then GTS data from ships (and buoys) have evolved to
form an increasingly important portion of the data mixture. It is important to note,
however, that earlier changes in the telecommunication codes also heavily influenced
the form of data as recorded in ships’ logbooks. Major changes included the
“Copenhagen Code” established by IMO in 1929 (WMO 1994), and an international code
effective starting in 1949 (Met Office 1948). Vestiges of the codes dating back to 1929,
and of even earlier (primarily land-based) codes (NCDC 1960), persist in the SHIP (now
FM 13) Traditional Alphanumeric Code (TAC) used over GTS (WMO 2009a).

9. Manabe (2000) surveyed the documentation for changes in the SHIP code (and IMM
formats) since about 1949 (see Annex VI in JCOMM 2000). This work was updated and
expanded, with results now accessible via the web' (Yoshida 2004, Yoshida and
Woodruff 2007). In addition, it would be highly desirable to locate documentation for
earlier codes and observing practices, and make it digitally available. Reports from
WMO predecessor organizations such as IMO may provide information on the
Copenhagen and earlier codes. National instructions for marine observers (Elms et al.
1993, Folland and Parker 1995) will also form crucial metadata, which appear
increasingly important to describe the practices of earlier years (e.g. prior to the 1949
code change). For example, 19th century observing practices appear to have been
based generally on the 1853 Brussels Maritime Conference (JCOMM 2004b), but with
some major national variations (see Supp. A).

10. Supplements A-B discuss a variety of internationally recognized or widely used
formats for marine data, and compare these with the requirements for IMMA. Although
valuable concepts and features can be derived from many of these formats, none
provided a satisfactory solution.

11. This conclusion extended to more recently defined Table-Driven Code Forms
(TDCF): the Binary Universal Form for the Representation of meteorological data
(BUFR) and the Character form for the Representation and EXchange of data (CREX)
(WMO 2009b). Under the new WMO Information System (WIS) the requirement has
been expressed to move all time-critical observational GTS traffic (and possibly some
other data exchanges) to use TDCF. However, TDCF are optimized for contemporary
and operational data requirements, and the need to store all possible forms of
meteorological data leads to a high degree of complexity—moreover the suitability of
TDCF for permanent archival is undemonstrated (although BUFR e.g is not intended by
WMO for archival). Nevertheless, over the longer term, it may be useful to explore some
limited convergence between IMMA and appropriate features of TDCF (e.g. establish
cross-references with IMMA field names; and ensure standardized record export
capabilities, so that data from TDCF can be merged with historical records in ICOADS).

' Available at: http:/goos.kishou.go.jp/ws/ETMC/code_task/. Reports available there through

1970 from the Commission for Synoptic Meteorology (e.g. WMO 1953), and spanning 1976-2006
from its successor the present WMO Commission for Basic Systems (CBS), may allow
reconstruction of many SHIP and other TAC code changes.




Format structure

12. A new internationally agreed format is needed to help facilitate data entry, provide for
the more effective exchange of existing national archives, and ensure that the data and
metadata are preserved as accurately and completely as possible. Drawing on features
from the existing formats discussed in Supps. A-B, the IMMA format provides a flexible
solution to the problem of storing both contemporary and historical marine data.

13. Following were additional goals, which the current IMMA design attempts to balance
in terms of costs and benefits:

(a) The format should be practical for Member countries to implement, and end-
users to read and manipulate, using a variety of computer technology. This
includes making computer input and output of fields more straightforward by
elimination, where practical, of complex data encoding and mixtures of
numeric and other symbols (e.g. the solidus “/”).

(b) The fields within the format should be organized into logical groupings to
bring related data and metadata together. A field layout that will facilitate
sorting records, e.g. into synoptic order is also a consideration.

(c) It is impractical to anticipate in advance all the storage requirements for older
historical data, much less for future observing systems and reporting
practices. Therefore, the format should be flexible in providing space for
supplemental data (to be defined by Member countries). A related issue (not
addressed in detail in this report) is the need for a system by which Members
would provide documentation (preferably in electronic form) for the origin and
configuration of the supplemental data.

(d) The format should also be expandable in more general terms to meet future
or modern data requirements. Careful version control will therefore be
required.

(e) Many end-user requirements can be satisfied from a small number of fields,
thus an abbreviated, fixed-length record type is attractive as one option. On
the other hand, archival requirements include the retention of all useful fields,
and may best be satisfied in some cases by variable-length records.

(f) Progress has been made in linking ship platform and instrumental metadata
(WMO 1955-) to individual marine reports (e.g. Kent et al. 2007a, Berry et al.
2009), and the format should allow for anticipated metadata storage
requirements (e.g. anemometer heights).

(g) Important additional considerations are storage efficiency, and format
documentation logistics.

14. The design of the format proceeded as follows: A wide range of fields was
considered for IMMA based on comparisons of existing codes and formats (e.g. Supps.
A-B). Fields suggested for international standardization, plus those already managed by
WMO, are described in Supp. D. Selected fields were assembled as described in Supp.
C into an IMMA “Core,” which provides the common front-end for all IMMA record types.
The Core was divided into two sections:
¢ “location” section: for report time/space location and identification elements,
and other key metadata
e “regular’ section: for standardized data elements and types of data that are
frequently used for climate and other research



15. Supp. C further describes “attachments” (attm) that may follow the Core to produce
different IMMA record types. One attm, for example, is used to store supplemental data
of indeterminate type, and of fixed- or variable-length. In addition to the abbreviated
record formed by the Core itself, three example record types, with the first two widely in
use for ICOADS, are described in Supps. C-D (with further ICOADS implementation
details available in Supp. E):

¢ ICOADS-standard record

e NCDC-variant record

e historical record (proposed)
Variations on these record types can also be constructed by attaching different mixtures
of the defined attachments to the Core.

Format implementation

16. Some of the field configurations, field assignments, and record designs are already
in use—others are preliminary. Additional fields not listed in Supps. C-D, particularly for
older historical data (e.g. Tables A1-A2 in Supp. A), may also be desirable after further
planning and research. The entire plan should benefit from discussion and feedback
from Member nations. However, even if a revised approach is chosen internationally, the
existing design should still provide a starting point for defining the overall data and
metadata content that is needed to address both historical and contemporary
requirements, with appropriate consideration of data continuity issues of key importance
to climate and global change research.

17. The unification of major data elements into modern units is crucial to make data
easily usable for research applications. However, questions arise about how to
standardize conversions and ensure that they are correctly implemented. In some cases
it may be preferable for Member nations to provide only the original observations (e.g. as
supplemental data), and leave the regular data elements missing awaiting a uniform
conversion through WMO Members and international projects. A complementary
approach may be to make standardized units conversion software more widely available
(e.g. a Fortran software library for this purpose, which is under development as part of
the ICOADS project for data adjustments and time conversions, is available at
http://icoads.noaa.gov/software/Imrlib).

18. For some major data types the IMMA field structure proposes separate fields in the
historical attm for older codes (e.g. cloud amount in tenths), as well as including space in
the regular data section for the data element converted to modern codes (oktas). In
other cases, only modern codes are, thus far, provided, e.g. time converted from
historical Local Standard Time (LST) to UTC. Potentially, however, some indicators
could be expanded to indicate the presence of pre-standardized data. For example, the
configuration of the time indicator (T/) could possibly be expanded to include a new
value indicating that YR, MO, DY, and HR are LST. Alternatively, the LST values could
be stored as supplemental data.

19. Currently IMMA has been defined (Supp. C) using a fixed-field format, similarly to
WMO’s existing IMM formats. Another possibility under consideration was a delimited
(by spaces, commas, quotes, tabs, etc.) format, which can integrate more easily with
database and spreadsheet applications (e.g. for digitization of new data). However, the
delimited approach does not set limits on the sizes of fields, and thus is susceptible to



errors in those sizes and other problems. In the longer-term, emerging technologies
such as the Extensible Markup Language (XML) might also become relevant (XML may
begin to supersede HTML for the next generation web; and it offers a defined syntax,
parsing software, and powerful self-descriptive capabilities).

20. The IMMA format is intended for long-term archival and wide exchange of data;
therefore, stability, ease of documentation, and wide machine-portability all need to be
important considerations. A fixed-field approach, using blank as the universal
representation for missing data (for technical reasons as discussed in Supp. D), has
been adopted as the most efficient and robust solution available at this time. Conversion
of data in other forms to the uniform IMMA format is recommended if practical prior to
data exchanges, but it is possible e.g. that additional generalized software could be
developed to help facilitate translations by Member countries.

21. The current IMMA design has been influenced by VOSCIlim requirements for access
to different types of data and metadata, including GTS and IMMT reports, plus
comparisons (output in BUFR) of the reported GTS data against a UK numerical weather
prediction (NWP) model. The ICOADS-standard record type includes space for all the
fields anticipated necessary for VOSCIlim (although it has not yet been possible to
populate these fields into a unified VOSCIim dataset), together with the complete original
input format data string in the supplemental attm of each report (total record-length
depending on data source). This supplementary approach provides a reliable
mechanism for data recovery in the event of conversion errors, and storage for any data
elements not carried across into other IMMA fields. The full IMMA records including the
attached original supplemental data are planned for permanent archival.

22. For the GTS message strings we are using a variable-length supplemental attm,
terminated by a line feed (Unix-style line termination). However, variable-length records
need not necessarily be provided to users; instead, for example, a fixed-length record
type can be created from the variable-length records.

23. Storage in IMMA of binary (e.g. BUFR) data may require a scheme like “base64”
encoding (Borenstein and Freed 1993) to obtain well-behaved, printable Ascii data.
Base64 encoding, however, has the disadvantage of increasing data volume by about
33%. Simple “base36” alphanumeric (0-Z) encoding is being used to reduce the storage
requirements for some record control or secondary data elements (Table 1).

Table 1. Base36 encoding. Decimal numbers and base36 equivalents. The complete set of 1-
character encodings (0-35) is listed on the left, and examples of 2-character encodings (0-1295)
are given on the right. Note that the subset 0-F of base36 is the same as hexadecimal.

1-character encoding: E.g. 2-character encoding:
dec. base36 dec. base36 dec. base36 dec. base36 dec. base36
0 0 10 A 20 K 30 U 0 0
1 1 11 B 21 L 31 \Y 1 1
2 2 12 C 22 M 32 w 2 2
3 3 13 D 23 N 33 X
4 4 14 E 24 0] 34 Y
5 5 15 F 25 P 35 z . .
6 6 16 G 26 Q 1293 ZX
7 7 17 H 27 R 1294 VA ¢
8 8 18 I 28 S 1295 zz
9 9 19 J 29 T
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Supplement A: Existing Formats and Codes

The following sections describe major existing formats and codes used for: (a) early
historical ship logbook data, including the first internationally agreed logbook design (see
Maury 1854); (b) digitization and exchange of logbook data; (c) GTS transmission; and
(d) storage and archival of contemporary and historical marine data. The existing
formats are contrasted with the requirements for IMMA. Additional archival formats with
similar characteristics have been defined nationally, but are not discussed in further
detail, e.g. the Deutscher Wetterdienst (DWD) archive, the Russian Marine
Meteorological “MORMET” archive, and the UK Main Marine Data Bank.

Early historical logbook formats

Table A1 provides examples of the data and metadata elements that were specified in
the “Abstract Log” defined in Maury (1854), or were available in ship logbook examples
from different collections. In addition to the listed elements, 19th century and some
earlier logbooks generally had latitude/longitude observed (or by dead reckoning) once a
day (at local noon), and were laid out for meteorological observations at regular intervals
(see also Garcia-Herrera et al. 2005, Woodruff et al. 2005). Many early logbooks
(including 18th century examples in Table A1) contained columns labeled “H, K, F”,
where H=hour, K=knots, and F=fathoms (knots and its subunit fathoms measured the
amount of line run out with the log to determine the ship’s speed).

Table A1. Data and metadata elements present (“¢”) in early ship logbook data. An example
logbook was examined from each of five different collections, plus published “Abstract Log”
specifications from the 1853 Brussels meeting. The columns are labeled as follows including the
year of the example logbook (or of the Maury, 1854 publication):

WWI: US Merchant 1912-46 Collection (US Form No. 1201-Marine, 1910).

MMJ: US Marine Met. Journals (1878-94) (Woodruff et al. 1987, Fig. 1).

Nor.: Norwegian Logbooks (1867-99) (Diaz and Woodruff 1999, pp. 100/102).

M(2): Maury (1854) Abstract Log specifications.

M(1): Maury Collection (Diaz and Woodruff 1999, title page).

EIC: British East India Company (EIC) logbook (ibid. p. 70).
Note that some additional elements are not listed, and logbook forms and contents varied widely
in some of the collections. The two 18th-century examples had textual remarks about wind and
weather (Garcia-Herrera et al. 2005), and ship name was assumed available from other
metadata. Weather entries with 18 or more symbols are variants of the Beaufort weather system
(e.g. WMO 1994, p. llI-1).

WWI MMJ__ Nor.  M(2) M(1) EIC

Data elements: 1918 1887 1873 1854 1797 1734
observations per day (maximum) 1 12 6 14 24 24
ship’s speed and courses . . °
wind direction (M=magnetic; T=true) T M T(?) M M M
wind force (code range or text) 0-12 0-12 0-6 0-11 text text
weather (number of symbols or text) >18 18 5 4 text text
remarks . . . . . .
current direction/rate (daily in MMJ) . .

barometer and attached thermometer . . . .

sea surface and air (dry bulb) temperature . . . .

wet-bulb temperature . . °

form/direction of clouds . . .

tenths of sky clear (X) or cloudy (C) C X C X

sea state (number of symbols or numeric code) 9 0-9 (?)
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WWI MMJ__ Nor.  M(2) M(1) EIC

Metadata elements: 1918 1887 1873 1854 1797 1734
Ship name . . . . . .
type of vessel (e.g. sailing, steamer, bark) . . .

instrumental characteristics . . . .

WMO International Maritime Meteorological (IMM) formats

The International Maritime Meteorological Punched Card (IMMPC) format was
introduced around 1951 (Yoshida 2004; see also WMO 1952). With advances in
computer technology beyond e.g. 80-character Hollerith punched cards, an expanded
International Maritime Meteorological Tape (IMMT) format was initiated starting in 1982,
as an alternative to IMMPC. Those two formats (referred to collectively as “IMM”) were
designed primarily to facilitate the exchange of keyed logbook ship data starting around
1963 to support implementation of the Marine Climatological Summaries Scheme
(MCSS) as established under WMO (1963) Resolution 35 (Cg-IV).

The IMM formats have been modified a number of times to keep pace with changes in
the SHIP (presently FM 13-XIV) code (Yoshida 2004; see also Supp. B). Changes
effective 2 November 1994, for example, brought IMMT-1 (as the 2 November 1994
version is termed) into close, but not identical, agreement in content with the then
current SHIP code version. Subsequently (WMO 2001, JCOMM 2005), changes were
made (IMMT-2 and IMMT-3) mainly in response to VOSCIim requirements (e.g. to retain
relative wind data and other new elements, so that true wind speed and direction could
be revalidated in delayed mode). Further revisions to the format were recently adopted
by the Third Session of JCOMM (2009), such that the new version (IMMT-4) is to be
implemented generally for all data collected as from 1 January 2011.

Supplementary punching procedures (see Supp. B) were also devised with the view
towards exchange of “deviating codes or additional data” including some earlier
historical codes (e.g. Appendix F, Part B of WMO 1959). But it is not clear whether the
supplementary procedures were widely used, and they fail to adequately address
present-day requirements for retention of the original form of data and more complete
metadata.

Additional historical (1889-1940) data from Japan’s Kobe Collection have been digitized
(Manabe 1999, JWA and JMA 2003). However, owing to the lack of an international
historical format for data exchange, IMMT-1 format was used. Table A2 provides
examples of the types of historical Kobe information that it was not possible to store in
IMMT-1, but that IMMA seeks to retain.
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Table A2. Examples of elements that were omitted, or subject to conversion to modern codes, in
the 1998 edition of Kobe Collection data (Manabe 1999). Original information generally was
recorded in an “interim” format, and Manabe (1999) documented the conversion of elements. The
final JWA and JMA (2003) edition stored similar information in a separate “metadata” format.

Elements omitted Elements subject to conversion/adjustment
temperature of barometer’s attached thermometer Fahrenheit temperatures

barometer height (meters above sea level) barometric pressure

type of barometer Beaufort wind force

specific gravity of sea surface water 32-point wind directions

direction and speed of sea surface current early wave/swell codes

weather and visibility cloud amount in tenths

Omission of important data and metadata elements that do not fit into the current SHIP
code and IMMT format is undesirable in case the elements are ever needed. For
example, an indicator for the type of barometer would permit stratification of data from
mercurial and aneroid barometers. Some conversions to modern codes (e.g. of
temperatures from Fahrenheit or Réaumur to Celsius) are relatively straightforward and
computationally reversible (if properly implemented). In such cases the complexity of
IMMA can be reduced by converting and storing the temperature elements in Celsius,
but also including indicators to preserve information about the original units and form
(e.g. whole degrees) of the data (plus possible reference to conversion algorithms used
on the data).

In contrast, the conversion of cloud amounts from tenths to lower-resolution oktas is not
fully reversible (WMO 1994 discusses this and other conversion biases), and the original
tenths values should therefore be retained. Inadvertent conversion (software) errors
should be noted as another potential source of data biases and irreversible conversions.
Preserving original data is particularly important for complex conversions, in case better
algorithms are developed in the future. Two examples: (a) Mapping of Beaufort wind
force numbers, and estimated wind speeds in knots or meters per second (not
necessarily following recognized midpoints of the Beaufort equivalence scale), to a new
equivalence scale. (b) Recalculation of complex mercurial barometer adjustments
(instrument error, temperature, gravity, and height if available).

Alphanumeric telecommunication codes

Marine reports (and many other meteorological data) are still transmitted over GTS in
Traditional Alphanumeric Codes (TAC), with roots in early synoptic telecommunication
codes (NCDC 1960). The form and content of ship logbook data is also closely related to
the telecommunication codes, so documentation of their evolution (e.g. since Met Office
1948) represents key metadata to seek to ensure data continuity. Only recently,
however, have efforts begun to locate and assess the documentation (e.g. WMO 1953)
for these code changes (Yoshida 2004, Yoshida and Woodruff 2007).2

2 As an example of a code change made with unanticipated climatological impacts, FM 13 was
modified effective 1 Jan. 1982 so that non-significant weather, cloud, and wave data were no
longer reported. However, “to improve marine data availability and quality for climatological
purposes” (WMO 1993a), FM 13 was again modified effective 2 Nov. 1994 so that data without
significance shall be reported (WMO 1993b).
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For TAC, individual weather elements, each described by one or more symbolic letters,
are assembled into “code groups,” each generally five digits in length. For example, ss
and TyTwTw are the symbolic letters for the sign and type of measurement of sea
surface temperature (SST), and the SST measurement proper. When replaced by actual
numeric data (or with the solidus “/” used generally to represent missing data), and
prefixed by an identifying zero, these are assembled into the 5-digit code group
OssTwTwTw. Note that the symbolic letters serve an important role in providing a precise
mechanism for communication among people about the data, although subscripts for
many of the symbolic letters render them more difficult to employ, e.g. for labeling a
computer printout.

A specified (WMO 2009a) sequence of code groups then composes an individual report
in a given “code form,” such as FM 13. Lastly, collectives of reports are assembled into
larger “bulletins” for transmission, adding information such as the UTC day and time of
bulletin preparation in an overlying message envelope. Note that FM 13 reports include
only the day of the month and UTC hour; year and month are not defined in the FM 13
message and must be derived by the GTS receiving center. These and other technical
features served to optimize the format for GTS transmission, e.g. by minimizing data
volume. Perhaps as a consequence, however, few raw GTS messages have been
archived. Instead data have been decoded into subsidiary archive formats. For example,
NOAA'’s National Centers for Environmental Prediction (NCEP) for many years
translated marine GTS data into a format known as Office Note 124 (ON124).°> The
downside of this approach is that any errors made, or data omitted, in the process of
such a conversion may be unrecoverable unless the raw data are permanently archived.

WMO Table-Driven Code Forms (BUFR/CREX)

The Binary Universal Form for the Representation of meteorological data (BUFR) and
the Character form for the Representation and EXchange of data (CREX) are Table-
Driven Code Forms (TDCF; WMO 2009b) planned (by 2012) to replace the earlier TAC,
including FM 13, for data circulating over GTS. BUFR is a binary code generally limited
to storage of data in Sl units (e.g. temperatures are stored in Kelvin). In contrast, CREX
is an alphanumeric code that allows more flexibility on data units. Reports encoded into
these formats are self-descriptive in that a hierarchy of tables (WMO 2009b) is
referenced to indicate which data elements are included.

In BUFR, for example, table references “0 11 001” and “0 11 002" specify wind speed
and direction. In FM 13 in contrast, these elements are abbreviated by symbolic letters
“‘dd” and “ff” (dd was in use since at least 1913 in the International Synoptic Code;
NCDC 1960). As noted above, the existing symbolic letters can provide an important
communication mechanism among producers and users of the data. A similar user-
friendly mechanism, and linkage with the historical synoptic codes, does not yet appear
to exist in TDCF. Moreover, the complexity of TDCF appears to require large computer
programs for data encoding and decoding in full generality. The need to rewrite complex
software at multiple sites to interface with local requirements (e.g. countries digitizing
data) raises software reliability questions and could potentially lead to data continuity
problems.

3 Documentation available at: http://www.emc.ncep.noaa.gov/mmb/data_processing/